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SYSTEM FOR DETERMINING A POSITION 
OF A MOVING TRANSPONDER 

BACKGROUND OF THE INVENTION 

The invention relates to a system for determining a 
position of a moving transponder. 
Many areas of sports require determination of position 

and/or time of the participants, including car racing, athletics 
and skating. To achieve such a determination the participants 
carry a transponder being in communicative connection With 
measuring stations. 
FR 2 619 644 discloses a detection system for detecting 

the time of cars in a car racing event. The cars each have a 
transponder emitting signals that are received by a receiving 
unit. The transponders receive magnetic ?eld signals from 
an antenna loop in the track. The receiving unit determines 
the time of passing of the cars by manipulating the received 
signal, Which has a frequency in the range of 2—3 MHZ. 

The prior art system is problematic in that the transmitted 
magnetic signals only have a small bandWidth, since mag 
netic coupling requires a relatively loW carrier frequency. 
Such a relatively small bandWidth puts restrictions on the 
number of transponders that can be employed in a sporting 
event. Moreover limitations eXist as to the distance for 
detection of the signal of the transponder since the poWer of 
these magnetically transmitted signals decreases rapidly 
With the distance to the antenna. 

HoWever, employing an electromagnetic transmission 
method is problematic as Well. The unit receiving such 
electromagnetic signals Will often not be able to determine 
a position of the transponder, since these electromagnetic 
signals shoW a highly irregular pattern, mainly as a result of 
multi-path effects associated With electromagnetic signals of 
relatively high frequency. 

It is therefore desirable to provide a system employing a 
high bandWidth While still being able to determine the 
position and/or passing time of a transponder. 

SUMMARY OF THE INVENTION 

To this end a system is provided for determining a 
position of a moving transponder adapted to receive a 
substantially stationary magnetic ?eld signal and to transmit 
a further signal, said system comprising: 

a signal generating arrangement adapted to generate said 
stationary magnetic ?eld signal for said transponder, 
said transponder being adapted to determine a plurality 
of signal strengths of said received magnetic ?eld 
signal; 

at least one signal receiving arrangement, adapted to 
receive said further signal of said transponder, said 
transponder being adapted to insert at least one mes 
sage portion in said further signal indicative of at least 
one of said plurality of received signal strengths; 

processing means adapted to determine said position in 
accordance With a plurality of said received signal 
strengths determined by said moving transponder. 

By inserting the received signal strength in a message 
portion of the further signal, the character of the further 
signal itself is no longer relevant for the position determi 
nation of the moving transponder. The position determina 
tion is performed on the basis of received signal strengths, 
incorporated in the message portion(s) of the further signal. 
As a result, the further signal can thus be optimised With 
respect to eg the bandWidth. This further signal can eg be 
an electromagnetic signal of high frequency that has a high 
bandWidth enabling the use of a large number of transpon 
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2 
ders in a sporting event. Furthermore, the poWer of an 
electromagnetic signal decreases less rapidly With the dis 
tance travelled, such that the high frequency signal can be 
received at a further distance from the transponder. 

In a preferred embodiment of the invention, the signal 
generating arrangement and the signal receiving arrange 
ment are decoupled from each other. In prior art systems a 
common antenna is usually employed for generation and 
reception of the signal. By using an electromagnetic signal 
the distance betWeen the transponder and the signal receiv 
ing arrangement can be made larger as explained above. 
Consequently the signal receiving arrangement can be 
decoupled from the signal generating arrangement, alloWing 
individual optimisation of both arrangements for their spe 
ci?c tasks. A conventional antenna arrangement can eg be 
used as antenna of the signal receiving arrangement. 

In a further embodiment of the invention, the transponder 
is adapted to insert a further message portion in the further 
signal that comprises additional data. Such additional data 
can be accommodated in the further signal as a result of the 
higher available bandWidth of the further signal. These 
additional data may e.g. relate to an identi?cation code of the 
signal generating arrangement. This may eg be advanta 
geous in the case of multiple signal generating arrangements 
being used along a track in order to eg provide information 
of the speci?c signal generating arrangement being passed 
by the transponder. Alternatively, or in addition, the addi 
tional data may relate to a variable of and/or concerning an 
object associated With the transponder. It can eg be envis 
aged that a variable relating to telemetric data, such as the 
heart rate of an athlete, is probed by a sensor and transmitted 
as additional data to the processing unit. 

It is noted that the above embodiments, or aspects thereof, 
may be combined. 
The invention further relates to a transponder being 

adapted for receiving a substantially stationary magnetic 
?eld signal, for determining a signal strength of said 
received magnetic ?eld signal and for transmitting a further 
signal having inserted at least one message portion indica 
tive of at least one determined received signal strength. 

In an embodiment of the invention, the transponder is 
assigned an identi?cation code and adapted to insert this 
identi?cation code in a further message portion of the further 
signal. As a result, information is available With regard to the 
identity of the source of the further signal. 

In an embodiment of the invention, the transponder com 
prises an encryption module for encrypting the further 
signal. The encryption module may apply an encryption 
scheme or algorithm suitable for preventing e.g. misuse of 
the system Whereby introducing falsi?ed messages by a 
device similar to transponders of the invention can suggest 
a position and thus passing time of transponders in reality 
not in that position. 
The invention further relates to a transponder signal 

transmitted by a transponder to a signal receiving arrange 
ment in response to reception of a substantially stationary 
magnetic ?eld signal from a signal generation arrangement, 
said signal comprising at least one message portion indica 
tive of at least one signal strength of said received magnetic 
?eld signal. The transponder signal may further comprise 
message portions relating to an identi?cation code of the 
signal generating arrangement and/or an identi?cation code 
of the transponder and/or a variable concerning an object 
associated With the transponder. The transponder signal may 
be encrypted. 

The invention Will be further illustrated With reference to 
the attached draWing, Which shoWs a preferred embodiment 
according to the invention. It Will be understood that the 
system according to the invention is not in any Way 
restricted to this speci?c and preferred embodiment. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings: 
FIG. 1 shows a system for determining a position of a 

moving transponder according to an embodiment of the 
invention. 

FIG. 2 schematically shoWs several components of the 
system as displayed in FIG. 1. 

FIGS. 3A and 3B shoW signal characteristics associated 
With the system shoWn in FIGS. 1 and 2. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

With reference to FIG. 1, there is shoWn a system 1 for 
determining a position of a moving transponder 2. In FIG. 1 
three transponders 2 are shoWn moving in the direction of 
the arroW 3. HoWever according to the invention a large 
number of transponders 2 can be employed. 

The system 1 comprises a signal generating arrangement 
4 having a signal generator 5 transmitting substantially 
stationary magnetic ?eld signals 6 via a loop 7. Such a loop 
7 is often positioned such that participants carrying the 
transponders 2 in a sporting event are obliged to pass this 
loop 7. Loop 7 may eg be a single Wire embedded in or 
hanging over eg a circuit track. The frequency of the 
magnetic ?eld signals 6 is in the order of 100 kHZ, eg 125 
kHZ. The poWer of these signals 6 is generally limited by 
regulatory requirements. The poWer used alloWs the com 
ponents of the transponder 2, as shoWn in FIG. 2, to be of 
standard quality. The signal generating arrangement 4 may 
have been assigned an identity code, schematically indicated 
by 8. 

The system 1 further comprises a signal receiving 
arrangement 9 having an antenna 10 and a processing unit 
11. The signal receiving arrangement 9 is adapted to receive 
and process a further signal 12 transmitted by the transpon 
ders 2. 
As used herein, the signal 6 and the further signal 12 

comprise computer readable media for they embody data in 
a modulated data signal such as a carrier Wave or other 
transport mechanism. The term “modulated data signal” 
means a signal that has one or more of its characteristics set 
or changed in such a manner as to encode information in the 
signal. By Way of example, and not limitation, this form of 
computer readable media includes Wireless media such as 
acoustic, RF, infrared and other Wireless media. Combina 
tions of any of the above should also be included Within the 
scope of computer readable media. In one embodiment, the 
further signal 12 preferably is an electromagnetic signal. The 
frequency of the signal 12 is preferably in the range of 0.4—6 
GHZ, more preferably in the range of 0.4—1.0 GHZ, eg 433, 
868 or 915 MHZ. 

The signal generating arrangement 4 and the signal 
receiving arrangement 9 are separate arrangements. As a 
result both arrangements 4, 9 can be optimised individually 
for their speci?c tasks. For the signal generating arrange 
ment 4, the loop 7 may eg be of considerable dimensions, 
eg 50 meters in length. Since the loop 7 is no longer used 
for detection of signals but solely for generation of the 
magnetic ?eld signal 6 of relatively loW frequency, larger 
loops 7 are alloWed since noise and Wavelength consider 
ations for receiving signals are no longer relevant. 

Note that the system 1 may comprise further signal 
generating arrangements 4 and/or signal receiving arrange 
ments 9 in communicative connection With individual or 
shared signal generators 5 and processing units 11 respec 
tively. 

In FIG. 2 a more detailed vieW is provided of several 
components of the system 1 as shoWn in FIG. 1. 
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4 
The signal generating arrangement 4 comprises a rela 

tively loW frequency signal generator 5 having a signal 
generator 13 and an ampli?er 14. Further an identi?cation 
code 8 is assigned to the signal generating arrangement 4, 
such that this identi?cation code 8 may be inserted in the 
magnetic ?eld signal 6 transmitted via the loop 7. 
The transponder 2 comprises a battery 15 for poWer 

supply of a microprocessor 16. The transponder 2 further 
comprises an arrangement 17, such as a pick-up coil, suit 
able for receiving the magnetic ?eld signal 6 of relatively 
loW frequency of the loop 7. The magnetic ?eld signal 6 
received by the pick-up coil 17 is fed to an A/D converter 18 
to enable processing of the signal 6 by the microprocessor 
16. Furthermore the transponder 2 comprises a Wake-up unit 
19 for activation of the transponder 2 in the neighbourhood 
of the signal generating arrangement 4. The unit 19 may be 
aWoken in accordance With the strength of the signal 6 
induced in pick-up coil 17. Microprocessor 16 determines 
the signal strength of the signal 6 Which is an indication of 
the poWer of the received signal 6 and so a measure for the 
distance to the loop antenna 7 in the track. This determina 
tion may be performed at irregular intervals and subse 
quently transmitted at the same irregular intervals by the 
transponder 2 to the signal receiving arrangement 9. More 
over the transponder 2 may have a sensor 20 feeding 
additional data to the microprocessor 16. These additional 
data may e.g. relate to telemetric data of an athlete carrying 
the transponder 2. Further an identity code 21 may have 
been assigned to the transponder 2. Finally transponder 2 
comprises a transmitter 22 and an antenna 23 for transmit 
ting the electromagnetic signal 12 of relatively high fre 
quency. The electromagnetic signal 12 comprises message 
portions 24, 25, 26. The microprocessor 16 may insert these 
message portions 24, 25 and 26 in the electromagnetic signal 
12. In FIG. 2, these message portions 24, 25 and 26 
respectively relate to or are indicative of the identity code 21 
of the transponder 2, the determined signal strength and the 
additional data. These additional data may e.g. relate to the 
identity code 8 of the signal generating arrangement 4 and/or 
the heart rate, obtained by the sensor 20, of a user carrying 
the transponder 2. The complete message or portion thereof 
may be encrypted by eg the microprocessor 16 to prevent 
e.g. fraudulent use by generating similar signals by a third 
party. 

It is noted that the transponder 2 may transmit electro 
magnetic signals 12 the identical message portions 24 and/or 
25 and/or 26 several times during passing of the loop 7. 
Moreover one electromagnetic signal 12 may comprise a 
message portion 25 that comprises several determined signal 
strengths associated With different times of passing the loop 
7. 
The signal receiving arrangement 9 comprises an antenna 

10 and a processing unit 11. Processing unit 11 comprises a 
receiver 27 for receiving the electromagnetic signal 12 of the 
transponder 2. Moreover the processing unit 11 comprises 
an optional decryption unit 28 for decrypting the encrypted 
electromagnetic signals 12. Subsequently the message por 
tions 24, 25 and 26 Will be extracted by an extraction unit 29 
from the electromagnetic signal 12. The extracted message 
portions 24, 25 and 26 are input to a microprocessor 30 
suitable for analysing the message portions 24, 25 and 26. It 
is noted that the functions of the units 28 and/or 29 may be 
performed by the microprocessor 30 as Well. 

Next, the operation of the system 1 as displayed in FIGS. 
1 and 2 Will be described in vieW of FIGS. 3A and 3B. 

In FIG. 3A a signal pattern 31 representing the magnetic 
signal 6 of relatively loW frequency is displayed as gener 
ated by the signal generating arrangement 4 and received by 
the transponder 2 as a function of time. It is noted that time 
and position are comparable in passing the loop 7. The signal 
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pattern 31 is a result of the loop 7. BetWeen the Wires of the 
loop 7, schematically illustrated on the horizontal aXis in 
FIG. 3A, the signal is more pronounced than outside of the 
loop 7, as indicated by the side lobes of smaller height. Nulls 
of the signal pattern 31 correspond to the position directly 
above the Wires of the loop 7. The transponder 2 determines 
the received magnetic ?eld strength of the magnetic ?eld 
signal 6 as described With regard to FIG. 2, at irregular time 
intervals as indicated by the arroWs on the horiZontal aXis. 
The amount of samples taken of the magnetic ?eld strength 
is variable and depends eg on the speed of the moving 
transponder 2 and the Way the microprocessor 16 is pro 
grammed. Microprocessor 16 may be programmed to 
sample the received magnetic ?eld strengths at random time 
intervals. As an eXample the resulting amount of samples 
taken ranges typically from 20 for car racing to 200 for an 
athlete Walking for one passing of the loop 7. For the sake 
of simplicity the amount of samples taken is limited to ?ve 
in FIG. 3A. 

In FIG. 3B tWo signal patterns are displayed for eXpla 
nation purposes. The electromagnetic signal 12 of high 
frequency, transmitted by the transponder 2, is indicated by 
32. It is clear that from this pattern 32 no time or position for 
passing the loop 7 can be determined. The irregular pattern 
32 is mainly a result of multi-path effects. Since in the 
electromagnetic signal 12, message portion 25 comprises an 
indication of the received signal strength of the magnetic 
?eld signal 6, a number of points 33 of the magnetic signal 
pattern 31 are knoWn at the processing unit 11. From these 
points 33 a position determination pattern 31‘, corresponding 
to the magnetic ?eld signal pattern 31, can be constructed or 
reconstructed. From this position determination pattern 31‘, 
the position on the loop and thus the moment PT of passing 
of the loop 7 can be analyZed by the microprocessor 29. It 
is noted that in a practical situation the samples may be taken 
and/or analyZed only near the maXimum N of the signal 
patterns 31 and 31‘, since only this part of the pattern 31‘ is 
relevant for the determination of the time the transponder 2 
passes the loop 7. The microprocessor 30 may further 
analyZe further message portions 24, 26 incorporated in 
electromagnetic signal 12, such as the identity of the tran 
sponder 2, the identity code of the signal generating arrange 
ment 4 from Which the magnetic ?eld signal 6 has been 
received (identity code 8) and/or variables of and/or con 
cerning the object carrying the transponder 2 (by using 
sensor 20). 

The invention enables eg a competitor in a race to Wear 
the transponder 2 on his shirt instead of on his shoe, since 
the character of the further signal 12 is not essential for the 
position determination of the competitor. The further signal 
can thus be made suitable for detection on a larger distance, 
While still being able to be used for position determination 
by virtue of the incorporated message portion 24 With 
‘position information’. By inserting the received signal 
strength of the magnetically induced signal 6 in a message 
portion of the electromagnetic signal 12, determination of 
time and/or position can be achieved. This behavior alloWs 
for having the loop 7 deeper in a circuit track, Which is eg 
advantageous in snoWy conditions. 
What is claimed is: 
1. System for determining a position of a moving tran 

sponder adapted to receive a substantially stationary mag 
netic ?eld signal and to transmit a further signal, said system 
comprising: 

a signal generating arrangement adapted to generate said 
stationary magnetic ?eld signal for said transponder, 
said transponder being adapted to determine a plurality 
of signal strengths of said received magnetic ?eld 
signal; 

at least one signal receiving arrangement, adapted to 
receive said further signal of said transponder, said 
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6 
transponder being adapted to insert said plurality of 
received signal strengths in one or more message 
portions of said further signal; 

processing means adapted to determine said position in 
accordance With a plurality of said received signal 
strengths determined by said moving transponder. 

2. System according to claim 1, Wherein said further 
signal is an electromagnetic signal of relatively high fre 
quency. 

3. System according to claim 2, Wherein said relatively 
high frequency relates to a carrier frequency range of 0.4—6 
GHZ. 

4. System according to claim 1, Wherein said signal 
generating arrangement and said signal receiving arrange 
ment are decoupled from each other. 

5. System according to claim 1, Wherein said processing 
means are adapted to determine said position by construc 
tion or reconstruction of a position determination pattern on 
the basis of said plurality of received signal strengths. 

6. System according to claim 1, Wherein said transponder 
is adapted to insert a further message portion in said further 
signal comprising additional data. 

7. System according to claim 6, Wherein said signal 
generating arrangement is assigned an identi?cation code 
and adapted to insert said identi?cation code in said mag 
netic ?eld signal, such that said transponder may employ 
said identi?cation code as said additional data. 

8. System according to claim 6, Wherein said transponder 
comprises at least one sensor for probing at least one 
variable of and/or concerning an object associated With said 
transponder, such that said transponder may employ said 
variable as said additional data. 

9. System according to claim 1, Wherein the signal 
strengths of said plurality of signal strengths are associated 
With irregular time intervals. 

10. Transponder being adapted for receiving a substan 
tially stationary magnetic ?eld signal, for determining a 
plurality of signal strengths of said received magnetic ?eld 
signal and for transmitting a further signal having inserted at 
least one message portion indicative of at least one received 
signal strength. 

11. Transponder according to claim 10, Wherein said 
transponder is assigned an identi?cation code and adapted to 
insert said identi?cation code in a further message portion of 
said further signal. 

12. Transponder according to claim 10, Wherein said 
transponder comprises at least one sensor for probing at least 
one variable of and/or concerning an object associated With 
said transponder and is adapted to insert said variable in a 
further message portion of said further signal. 

13. Transponder according to claim 10, Wherein said 
transponder comprises an encryption module for encrypting 
said further signal. 

14. Transponder signal transmitted by a transponder to a 
signal receiving arrangement in response to reception of a 
substantially stationary magnetic ?eld signal of a signal 
generation arrangement, said transponder signal comprising 
at least one message portion indicative of at least one signal 
strength of said received magnetic ?eld signal. 

15. Transponder signal according to claim 14, Wherein 
said transponder signal further comprises message portions 
relating to an identi?cation code of said signal receiving 
arrangement and/or an identi?cation code of said transpon 
der and/or a variable concerning an object associated With 
said transponder. 

16. Transponder signal according to claim 14, Wherein 
said transponder signal is an encrypted transponder signal. 

* * * * * 


